= a a > eal ao of ae ane 


> A / / 


Nhe bal iD y 


Safety of Technogenic and Natural Systems 





VJIK 656.1:627 
DOI 10.23947/2541-9129-2017-4-2-8 


PACYET CHEHWAJIBHOTO 
PPY3O3SAXBATHOLDO ITPOBOJIOGUHOLTO 
HPHCHOCOBJIEHHA C YUETOM 
YUPYTO-ILIACTHYUECKOLO 
HATPYKEHWSA 


M. H. Xanoqgun, A. A. Kopomxkun, 
b. ®. Heanoe, 2. A. Wangunoea 


JJoHCKON rocyapcTBeHHbIN TeEXHH4eCKMM YHUBeEpCHTeT, 
Poctos-Ha-Jlony, Pocculickaa Deyepalna 

Xalfinmn @ mail.ru 

korot @novoch.ru 


ivanov @ikc-mysl.ru 
korotkaya_elvira@mail.ru 


PaccMoTpeHo lipumMeHeHue T'py303axXBaTHBIX 


IIPOBOJIOUHBIX WpucnocodseHuH (ITI) B Buze 
IY4KOB [lapaJWIeJIbHBIX BUTKOB  IIpOBOJIOKH, 
CHapyxKU CKPeIVICHHbIX 3aKPyUCHHbIMH KOHI[aMH. 
IIpupeqeHHbie pe3ylIbTaTbI pacueta 
Tilll c 


yupyrommacTuyeckoro HarpyKeHHaA WH TpeOoBaHui 


Hecyllenv 


CIOCOOHOCTH yKa3aHHbIx yueTOM 


Oe30NacHOCTH pH UX HCHOUb30BaHHH, Ipu 
KOTOpOM oleHKa mpounocTw nposporoK [Iii 
IIpOBOWWIach 10 pacTArHBaIOlHM UW W3rHMOarolluM 


Hallps»KeHHAM, WOKa3aIM, 4TO JOUFOBCYHOCTb 
IIPOBOJIOYHOTO TpHcHocoOseHHA MOxeT OBIT 
yBermyueHa. IIo pe3syibTaTaM  IIpOBeJCHHbIX 
uccileqOBaHun IIpeJIOXKeCHBI lipakTuyeckne 
pekoMeHyaluu m0 Oe30MacHOW 9KCIJIyaTauMu 


PUI. 


Ku1104eBble CJIOBa: Fpy303axBaTHOe MpOBOJOUHOe 
IIpHcnocoOseHue, pacueT, Hecyllad CIOCOOHOCTH, 
lleperpy3ka, JJIMHHOMepHbIH rpy3. 


Bpegzenne. [Ipu tmeperpy304uHbix padotax u 
TpaHCHOpTHpoOBaHHU Tpy30N0beMHbIMH KpaHaMu 


Tpy6, 
pouIbHOrO WpoKaTa UW JPyrux IMHHOMepHbIxX 


JIUTBIX CTAJIBHbBIX 3aTOTOBOK, IWaKeCTOB 


MeTaJWJIM4eCKUX Tpy30B B mexax 
MeTaJWIypruueckou IIPOMBIILJICHHOCTH TA 
CcOoeqMHeHHA KPIOKOB TpaBepc Cc Irpy30M 
IIPHMCHAIOTCA = CIICMWMAJIbBHbIE §=3—s Fply303AXBATHBIEe 
IIpOBOJIOYHbIe = =mpuciwocoOneHua — TYy4Ku 
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The article describes the use of hoisting wire 
devices (HWD) — parallel bunches of wire 
turns bonded by twisted ends on the outside. 
The calculation results of the bearing capacity 
of these HWD, taking into account elastic- 
plastic loading and safety requirements for their 
use, in which HWD wires strength assessment 
was conducted on tensile and bend-conductive 
Stress, showed that the lifetime of the wire 
device can be increased. The results of the study 
for HWD safe 


offer practical guidelines 


operation. 


Keywords: hoisting wire devices, calculation, 
bearing capacity, overloading, long items of 
cargo. 

Introduction. Special hoisting wire devices— 
parallel bunches of wire turns bonded by 
twisted ends on the outside — "lifting straps" 
(Fig. 1) are used in the shops of metallurgical 
industry to connect hooks with traverse load 
during reloading and transportation by load- 
lifting cranes of cast steel workpieces, banks of 


tubes, profiled bars and other long metal goods. 
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WapasWIeIbHbIX BHTKOB ITPOBOJIOKH, CHapyKu 
CKpeMJICHHBIX 3aKPYYeCHHbIMM KOHWaMH — 
«I py303axX BaTHBIe XOMYTBbD» (puc. 1). 


JlocTOMHCTBOM 93THX TIpHcHocoOseHui sABIIAeTCA 


BOSMO)KHOCTB UX IIDMMCHCHHA ASIA 


TpaHCHOpTHpoBaHuA TOpAyUX Fpy30B, OTCYTCTBHEe 
HeoOxOJMMOCTH IIPHMeHeHuA NOAKIAOK, 
IpokiayoK pH ykJlayiKe rpy3a B KYy30B BaroHa 
(uM aBTOMOOMIIA), a 


TakxKe lpocTota 


KOHCTPyKUMH Wpucnocobsmenns [1]. 
221 [1] 


«CIICIIMaJIbBHBIX 


IlyHKTOM perslaMeHTupyetca 


UYCIHOJIBSOBAHHC CTPOIIOB 


(TpaHciopTUupyrollnx, TaKeTUPYyFOIINXx ), 
IIPHMCHACMBIX KaK «“OJJHOPa30Bble> He OosIee, YeM 
iuia 5 meperpy30K aKeTOB JJIMHHOMepHBbIX rpy30B 
Tpy0o, 
ONHOM padoyueM IMKIe OT W3roTOBHTeA 0 


(MeTasIIOMpoKata, IMJIOMaTepHasIOB) B 
KOHEYHOrO ToTpeOuTesa. B TO 2*xe BPeCMA ITYHKTOM 
129 BblleyKa3aHHOro JIOKYMeHTa 3alIpeljaeTca 
CTpONOBKa WlakeTOB TpyO WIM MeTaWIOMpoKata 3a 
QJIEMECHTHI YWAKOBKH (CKPYTKH, CTAXKKM). 

B  paccmMaTpHBaeMOM~ cyIly4dae = CTponoBKa 
JJIMHHOMepHBIX Ipy30B TpOu3BOJMTCA He 3a 
IIPOBOJIOUHBIe WIM JICHTOUHBIe MepeBA3KU IaKeTOB, 
a C MOMOIIbIO TpaBepcbl UW Tpy303axBaTHOrO 
IpOBOJIOYHOTO WpucnocobseHusa (janee ITI) B 
BUe HeCKOJIBKHX 


KOHUCHTPHdCCKUX BUTKOB 


IIPOBOJIOKH, C@OPMMPOBaHHbIX Ha BA3AJIbHbIX 
MallIMHax WU CKpelJIeHHbIX CHapy2xKH. UWCcIO BUTKOB 
mpoBporokn wu yMametTp IIIII mpuHumatotca B 
3aBHCHUMOCTH OT 3a]aHHOM Tpy30NOXbeMHOCTH HU 
ra0apuToB MakeTa. 

PaccMOTpHM pacueT Hecyllew cimocoOHocTu 
yka3aHHbIx III] c yaerom ynpyronmsiactuyeckoro 


HarpyoKeHHA WU TpeOoBaHuA Oe30NacHOCTH pu ux 


HMCHOIb30BaHHH. OleHKa pOuYHOCTH MPpOBOJIOK 
PHI 


W3rH0arollluM HalipssKCHUAM. 


IIDOBOJUTCA IiO pacTATWUBaroOulumM Gt 


The advantage of these devices is the possibility 
of their application for transportation of hot 
cargoes, the absence of necessity to use lining, 
linings when loading into a carriage body (or a 
car body), as well as the simplicity of their 
design [1]. 

Paragraph 221 [1] regulates the use of "special 
slings (transport, stack), used as a "disposable" 
for not more than 5 reloads of unitized loads of 
long cargoes (rolled metal products, pipes, 
lumber) in one operating cycle from _ the 
manufacturer to the end user. At the same time, 
paragraph 129 of the above-mentioned 
document prohibits slinging of banks of tubes or 
rolled metal products by packing elements 
(twists, ties). 

In this case, slinging of long goods is done not 
by wire or band elements of the packing, but 
with a traverse and a hoisting wire devices 
(HWD) in the form of several concentric turns 
of wire formed on knitting machines and sealed 
from the outside. The number of wire turns and 
the HWD diameter depend on the specified 
capacity and the size of a package. 

Let us consider the calculation of the bearing 
capacity of these HWD taking into account 
elastic-plastic loading and safety requirements 
for their use. The assessment of wires strength 


of the HWD is performed on tensile and 


bending stresses. 








Puc. 1. OOmmMu BUT CHeWMaIbHOrO Ppy303axBaTHOLO MpOBOJIOUHOrO MpHCHoOcoOsJIeHHA: 


]— ]JIMHHOMepHBIH rpy3 B BUe YeTbIpex 3arOTOBOK; 2 — MeTasIMu4ecKHe 


CKPyTKH lakeTa 3aroToBoK; 3 — ITI]; 4 — uanounsm kKptok TpaBepcsl; 


5 — cTpon TpaBepcsr; 6 — epeBaHHad TosKIayKa 


Fig. 1. The slinging scheme of metal workpieces with the hoisting wire device: 
1— long goods in the form of four workpieces; 2 — metal twistings of a bundle of units; 
3 — HWD; 4 — sling hook; 5 traverse sling; 6 — wooden lining 


B dopmMyax MW WOACHeHHAX K PHCYHKy IIpHHATHI 
cneyrolimMe O003HaYeHHA: MaKCHMaJIbHbIM Bec 
llakeTa JJIMHHOMepHOrO rpy3a — G; aIMHa rpy3a 
— L; MakcuMaJIbHbie raOapuTbl rpy3a (IuMpuHa — 
a, BbIcoTa — _ b); muMamMeTp  MapaliuiesIbHbIx 


KOHI[CHTpH4eCKUX BUTKOB IIPOBOJIOK 
cdopmuposanuHoro [TIT — D; ITI u3roropnexno 
W3 OTOXKXKCHHON MpoOBOOKH MapKH CT.3Km TOCT 
380; uamMeTp TpoBosIOKH — 0; BpeMeHHOe 
COMpOTHBJIeHHe MaTepHasla MpOBOJIOKH — Oy; 
yucno TIT aia crponmosku taketa — m; 4HCIIO 
Illi] — no; 


KOJIMY4eCTBO BUTKOB HpoBonoK B IIIT] — t; ana 


Halpy2KeHHbIX BeTBeH OHOFO 


lmpeqoxpaHeHua Put OT llepepe3aHua 
IIpeLYCMOTPeHBI JIepeBAHHBbIe MOAKIATKH. 


Ycunue S B onnon BetBH ITI: 
G 


S = cameos (1) 
rye a — yroJl MexKTYyY HarpyxKeHHbIMH BeTBAMU 
PHO, a < 90°. 

J|mHa BUTKOB TpoBoroKk I TIIT: 
l= mD, 


rye D— ucxogueri Wnametp ITI. 


ip. DpPpsS-jyournhna 
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Fig. | presents a scheme of slinging of a 
bundle of casting blocks using the HWD. 

In formulas and in the figure legend the 
following notations are used: the maximum 
weight of a long cargo — G; the length of the 
cargo — L; the maximum load dimensions 
(width — a, height — b); the diameter of the 
parallel concentric turns of wires of the HWD — 
D; the HWD is made of Cr.3xm GOST 380 
black wire; the wire diameter — 06; temporary 
resistance of the wire material — o,; the number 
of HWD for a unit slinging —— m; the number of 
loaded legs of the same HWD — n; the number 
of wire turns in the HWD — t; wooden lining 
are provided to protect the HWD from cutting. 


The stress S on the leg of the HWD: 
G 
= m-n-cos%/,’ (1) 
where a is the angle between the HWD loaded 
legs, a < 90°. 
The length of the HWD wire turns: 
l= mD, 


where D is the HWD original diameter. 
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J|1MHa MOJIOBHHbI BepxHen YacTH BeTBH I IIIT: 
__ 1-(a+2b) 
3 

oTKya 


2a 
a = 2 arcsin (=>): (2) 


Ilogctapus B (1) 3Ha4eHve & C y4eTOM, 4TO N = 


2;m = 2, NoTyauM: 
G 


= 4.cos arcsin——->—— (3) 
l-(a+2b) 
Torya pa3pbiBpHoe ycusme mpososoKk IIIT 
Fup = S°Kz, (4) 


rye k,— kosddunuent 3anaca ITI (c yaerom 
HarpeBa IIPOBOJIOKH WM BO3MOXHOCTH TOJIbeMa C 
MHaMuKOoH k WpWHAT paBHBIM 6) [2]. 


C yyerom momaqiw momepeyHoro ceyeHua 
152 
myuka mposporoK I IIll, pasyoro a t 


152 


7 OBE. (5) 


IIpupapuas (4) u (5), onpezemumM HeoOxoyMMoe 


Fip = 


YMCIIO BUTKOB MpoBoJIOK B I LITT: 


4-S-K, 
== Son’ (6) 


IIpoBosoKa OHHOrO BHTKaA 3aTPpadHBaCTCA Ha 





cKpemseHue myyKa mpoBooK ITITI (puc. 1). Torga 
pacueTHoe 4HCIO TpoBooK B OFHOM [III t,=t + 
1. 

IlonctaBuB B- BbipaxkeHua (3) uu (5) 
YMCJICHHBIe 3HAYCHHA MCXONHBIX WaHHBIX: G = 100 
KH; L= 12 mM; a=0,3 mM; b= 0,4 m; D = 0,8 m; d= 
0,08 mM; o, = 380 Mila; m = 2 u, pa3qenuB MepBoe 
Ha BTopoe, NOUyIMM 3Ha4eHve pacTArMBarOllux 
HallpwKeHHH Op, He WpeBbiuaronyee 50 MITa [3]. 

PacyetT W3rMuOarolux Halips»KeHUH, 
BO3HHKAarOIMxX B MpOBOOKaxX paccMaTpHBaeMOro 
Tpy303axBaTHOrO YCTPOHCTBa, OCHOBbIBaeTCA Ha 
yTBepxKeHuH, 


4TO NlepBbIv HWOHBCM = I[laKeTa 


3arOTOBOK  ciocoOcTByeT  epBOHayaJIbHOMYy 
W3rHOy KaxKOM MpOBOJOKH Ha KpPIOKe TpaBepcHl, 
Ollpeyesaa, COOTBETCTBCHHO, BO3HHKHOBeCHHe B 
MaTepuasie 
nedopmaunn [4]. 


AJITOpHTMOM 


IIPOBOJIOK yp yronsacTH4ecKHx 


pacueta, IIPOBeJTEHHOrO 


aBTOpaM4H, IIpeAyYCMaTpuBaec;itcAa OIIpeTeICHHe 
BCJIMUHH: w3rM0arouslero MOMCHTa B IOICPpC4YHOM 


Ce4YeHHU KaKTON MpOBOJOKH C y4eTOM HadalsIbHOu 


WM OCTaTOUHOK KPHBH3HEI 


IIDOBOJIOKH = CTpoOlia, 


9://bps-journa 
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The length of the top half of the HWD leg: 
__ 1-(a+2b) 
=———, 

from which 


2a 
a = 2 arcsin (a (2) 


Having put the value of a in (1) given that n = 


2;m = 2, we get: 
G 


> = es (3) 


4CcOos arcsin-——“— 
1-(a+2b) 


Then the breaking strength of the HWD wires 
iS 
Fip =S:k,, (4) 
where k, — the HWD safety factor (including 
wire heating and the possibility of lifting with 
the dynamics k, equal to 6) [2]. 
Taking into account the area of the HWD 


, , 152 
wires bunch cross section equal to oe 


152 


7 OnE. (5) 


Equating (4) and (5), let us determine the 


Fip = 


required number of wire turns in the HWD: 
4-S-K, 

162-0,” (6) 

The wire of one turn is required for binding the 

HWD wires bunch (Fig. 1). Then the estimated 


number of wires in one HWDt,=t + I. 





Substituting in expressions (3) and (5) the 
numerical values of the initial data: G = 100 KN, 
L=12m;a=03mb=0.4m; D=0.8 m; d= 
0.08 m; o, = 380 MPa; m = 2, and, dividing the 
first by the second, we obtain the value of tensile 
stresses 6p which does not exceed 50 MPa [3]. 

The calculation of bending stresses in the 
wires of the considered hoisting device is based 
on the assertion that the first lifting of a bundle 
of workpieces facilitates the initial bending of 
each wire on the hook of the bar, defining, 
respectively, the appearance of elastic-plastic 
deformations in wire material [4]. 

The calculation algorithm performed by the 
authors, establishes the value of the bending 
moment in the cross section of each wire in 


relation to the initial and the residual curvature 


"e oe 
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IIOJLAPHOLO MOMCHTa YHeCpunu MOUepedHOro 


CCUCHHA IPOBOJIOKH UH W3rM0arollero MOMCHTa, 


COOTBETCTBYFOINerO TMOABJICHHIO B-  IpOBOIOKe 
T1acTH4eCKUX nedopmarnni; OCTATOUHBIX 
HallppkKeHHH B ITpoBouOKax B ylpyrow UH 
I1acCTH4eCKON 30HAX. 

OTIEOPbI HOPMA@JIBHBIX Hallps.KeHUH, 


BOSHUMKalollux B WpoBoroKax I IIll B pesyibtrate 
edopmMani, 
XapakTepv3ylOT HasMunNe HallpsxKeHHM CKATUA B 


ylip yromliacTH4ecKHx 


IOMepeC4HOM CeC4CHHH IMIpOBOJIOK. 
AHasIM3 pe3yJIbTaTa pacueToB jedopmMalni 
u3rn0a rpy30HecylleH BeTBH TpucnocoObseHua u 
9IKOp HOPMAaJIbHBIX WM OCTATOUHBIX Halps2xKeHU B 
ee lpoBpomoKax 6e3 y4eTa pacTsKeHuA (pu 
HarpyKeHUH U pa3rpy3Ke) NOKa3all Clleyromlee: 
KPHBH3Ha TPOBOJIOK CTpola pw WATHKpaTHOM 
HarpyxKeHUU yBeIM4MBaeTCA, IpHMepHo, OT 0,0025 
mo 0,0249 
YMeHbIIaeTcr 


1/MM, B TO 2%Ke BPeCMA 3HAUUTCIIbHO 
paguyc 
IIpoBoIOK (OT 0,4 m wo 0,041 m), Onarogapa 4emy 


OCTaTOUHOH KPUBU3HBI 
YBeCJIM4UBaeTCA MOBEPXHOCTb KOHTAKTa IPOBOJIOK 
THI] c kproKoM TpaBepcbl. ITO cimocooOcTByeT 
MOBbILICHHIO =: pe esa 


TCKYICCTU MaTepHasia 


IIDOBOJIOK, CHHWOKCHUIO KOHTAKTHBIX Hallps.KeHuH Gt 


pocty 
«OJHOPa30BOr0» Tpy303aXBaTHOLO YCTPOHCTBa. 


HajlexKHOCTU u JONTOBeE4UHOCTH 
Ilo pe3yibTaTaM TMpOBeIeHHbIX UCcCeqOBaHui 
lipeiararoTcd lWpakTw4eckuve peKOMeHalMu 10 
Oe3s0nacHon 
PHOT: 
1. Jlo Havana noqbema rpy3 OJDKeH ObITB 


IKCHITyaTawwuw = paCCMaTpuvBaeCMOro 


Hay@KHO OOBA3aH B IlaKeT CTaIbHOW JICHTOHM (He 


MeHee TATU II€peBAZOK, PpaBHOMepHO 
PaciiOJIOXKeCHHBIX MO JIMHe WakerTa). 

2. Jina coxpaHeHua dopmsr BetTBsu ITIII u 
PaBHOMepHOro paciipeyeseHHA Harpy3KH cpeyu 
9JIEMCHTOB HeOOXOJMMO CKPeIIHTb MpOBOJOKH 
TTI] we mMeHee, 4eM B Tpex MeCTaxX MATKON 
IIPOBOJIOKOH MamMeTpomM 1,5—2,0 Mm (B kKa2xKJOM 
MeCTe He MeHee YeThIPeX OOOPOTOB IpOBOJIOKH). 

3. IIpu usrotropnesun ITI] Ha BasanbHon 
MallIMHe I1OCJIe HAMOTKH PacueTHOrO 4HCIIa BATKOB 
IIPOM3BeCTH OOPe3sKy TIPOBOJOKH WM 3aKPYTHTb ee 


KOHI[bI BOKPYy! ITYaKa C KOJIVNUCCTBOM BHTKOB He 


MeHee 3 (puc. |). 
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of the wire sling, and the polar moment of 
inertia of the cross section of the wire and the 
bending moment corresponding to _ the 
appearance of plastic deformations in the wire; 
residual stresses in wires in elastic and plastic 
zones. 

Normal stresses shape in the HWD wires in the 
result of elastic-plastic deformations mean the 
presence of compressive stresses in the cross 
section of the wires. 

The calculation result analysis of the bending 
strains of load-carrying leg of the device and the 
shape of normal and residual stresses in its wires 
without taking into account stretching (at 
loading and unloading) showed the following: 

the curvature of sling wires at five-time 
loading increases from about 0.0025 to 1 
0.0249/mm, at the same time, the curvature 
residual radius of wires reduces significantly 
(from 0.4 m to 0.041 m), thereby the contact 
surface of the HWD wires with the traverse 
hook increases. This contributes to the 
improvement of the wires material yield stress, 
reducing contact stresses and increasing the 
reliability and durability of "disposable" hoisting 
devices. 


According to the results of the conducted 
research, practical recommendations for the safe 
operation of the considered HWD are proposed: 

1. Before lifting, a cargo must be securely tied 
in a package with steel tape (at least five times, 
evenly spaced along the length of the package). 

2. To maintain the shape of the HWD leg and 
uniform load distribution among the elements it 
is necessary to seal the HWD wires in at least 
three places with a soft wire of 1.5—2.0 mm in 
diameter (each place at least four turns of the 
wire). 

3. In the HWD manufacture on the knitting 
machine after the winding of the calculated 


a a = 


DIA Y 1s SF J o) wy. é y 
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4. IIpu nogwbeme u_ TpandclropTupoBaHuu 
JJIMHHOMepHOrO Trpy3a He JOMyCKaTb pa3BopoTa 
Tpy3a4 B  BepTHKaJIbHOX HU TOpv30HTaIbHOU 
IIJIOCKOCTAX. 

5. Uicnonb30BaTp KOHKpeTHOe PHI 
pa3peliiaetcad TOIbKO IA OfHOrO  MaketTa 


JJIMHHOMepHOTLo rpy3a. 

6. OOulee KONMYeECTBO TOJbeEMOB TakeTa rpy3a 
He JIOJDKHO peBbilaTbh 5, YO HeOOXOAHMO 
OTPpa3HTb B TEXHOJIOM4eCKON KapTe Ha yKa3aHHble 


NOrpy304HO-pa3rpy304Hble padortsli. 
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number of turns it is necessary to cut the wire 
and twist the ends around the bundle with at 
least 3 turns (Fig. 1). 

4. When lifting and transporting long goods it 
is necessary to prevent a reversal of the cargo in 
the vertical and horizontal planes. 

5. The usage of one HWD 1s only permitted for 
a single package of long goods. 

6. The total number of lifts of a unitized load 
must not exceed 5, which should be reflected in 
the sheet for these loading and unloading works. 


References 
1. Ob utverzhdenii Federal’nykh norm 1 pravil v 
oblasti 
bezopasnosti 


promyshlennoy bezopasnosti “Pravila 


opasnykh proizvodstvennykh 
ob’ektov, na kotorykh ispol’zyyutsya pod’emnye 
sooruzheniya” (s izmeneniyami na 12 aprelya 2016 
goda). Prikaz no. 533 ot 12.11.2013 Federal’noy 
sluzhby po ekologicheskomu, tekhnologicheskomu 1 
atomnomu nadzoru. Elektronny fond pravovoy 1 
[On 


approval of Federal norms and rules in the field of 


normativno-tekhnicheskoy informatsil. 


industrial safety "Safety rules for hazardous 
production facilities where hoisting devices are used 
" (with amendments from April 12, 2016). Order no. 
533 of 12.11.2013 Federal service for ecological, 
technological and nuclear supervision. Electronic 
fund of legal and regulatory information.] Available 
at: http://docs.cntd.ru/document/499060049/ 
Russian). 

2. Khalfin, N.M., Korotkiy, 


vysokotemperaturnykh 


qn 


A.A. Vliyanie 


vozdeystviy na_ risk 
ekspluatatsi1 pod’emnykh kanatov. [The influence 
of high temperature effects on operation risk of the 
hoisting ropes.] Vestnik of DSTU, 2013, no. 1-2(70- 
71), pp. 112— 117 Gn Russian). 

3. Khalfin, N.M. et al. Nesushchaya sposobnost’ 
spetsial’nykh gruzozakhvatnykh  prisposoblenty. 
[Load capacity of special hoisting devices.| 
Pod’emno-transportnye 1 stroitel’nye sistemy: nauka 
1 innovatsii: mezhvuzovskiy sbornik nauchnykh 
trudov. [Hoisting-and-transport and construction 
systems: science and innovation: interuni. coll. of 
sci. works.] Novocherkassk, YURGPU (NPD), 2016, 


pp. 205-209 (in Russian). 


-ru 


D> / 





CIOCOOHOCTH clellvabHOro Tpy303axXBaTHOrO 


lipucnocodseHua TA lleperpy3Ku 


JJIMHHOMepHbIX rpy30B / M. H. Xanpcun, b. O. 


Vipanos, E. B. Xappxkospcxui // VW3Bectrusa 


TylbcKoro rocyjapcTBeHHOrO YyHMBepcuTeta. 
TexHuueckve HayKu. — 2017. — Ne 6. — C. 
109-115. 


Ilocrynuiaa B pexaxuuro 04.09.2017 
CyaHa B pexakiuto 05.09.2017 
SamlaHupoBana B HOMep 29.09.2017 


Xanogun Mapam Hypmyxameooeuy, 

npoqdeccop Kadeopol «IKcniyamayus 
mpaHcnopMHvix cucmem u to2zucmuKka» J[OHCKOZO 
20CYOAPCM6EHHOZO MEXHUYECKOZO yHUBepcumema, 
(PO, 2. Pocmoe-ua-Jfony, na. T azapuna, 1,) OoKmop 
MeXHUYECKUX HAYK, npoqdeccop. 

xalfinmn @ mail.ru 


Kopomxkuu Anamonuu Apkadvesuy, 

3a6eedyrowuu Kadedopou «IKcniyamayus 
mpaHcnopMHbIx Cucmem u JO2zucmuKaY J[OHCKOZO 
20CYOAPCM6EHHOZO MexHUuUeCKOZO YHUBepcumema, 
(PQ, 2. Pocmoe-Ha-Jfony, na. T azapuna, 1), OoKmop 
MeXHUYECKUX HAYK, npoqeccop. 

korot@novoch.ru 


Heanoe bopuc Pedopoeuuy, 

npoqdeccop Kaqdeopol «IKcniyamayus 
mpaHcnopmMHbix cucmem u Ao2eucmuKay J[OHCKOZzO 
20CYOAPCM6EHHOZO MeXHUYECKOZO VHU6Eepcumema, 
Kanoudam mexnuyeckux Hay, npoqdeccop 

(PO, 2. Pocmoe-ua-Jfony, na. I azapuna, 1) 


ivanov @ikc-mysl.ru 


Hanqunoea Jneeupa Anamovbeena, 

Ooyenm Kadeopol «Ikcniyamauua 
mpaucnopmHbix cucmem u Ao2eucmuKay J[OHCKOzO 
20CYOAPCM6EHHO2ZO MeXHUYECKOZO yHUuBepcumema 
(PO, 2. Pocmoe-ua-Jfony, na. I azapuna, 1), 
KaHOUOaM GbusOCO@CKUX HayK. 


korotkaya_elvira@mail.ru 


09://bps- 





Oourna 


4. Khalfin, N.M., Ivanov, B.F., Kharkovsky, E.V. 


Otsenka nesushchey sposobnosti  spetsial’nogo 


gruzozakhvatnogo prisposobleniya dlya peregruzki 
dlinnomernykh gruzov. [Estimation of load capacity 
of special hoisting devices for handling long loads. | 
Izvestia Tulskogo gosudarstvennogo universiteta. 
Tekhnicheskie nauki, 2017, no. 6, pp 109-115 Gn 
Russian). 


Received 04.09.2017 
Submitted 05.09.2017 
Scheduled in the issue 29.09.2017 


Khalfin Marat Nurmuhamedovich, 


Professor of Operation of transport systems and 
logistics Department, Don State Technical 
University (Gagarin sq., 1, Rostov-on-Don, 
Russian Federation) Doctor of technical Science, 
Professor. 

xalfinmn @ mail.ru 


Korotkiy Anatoly Arkadevich 

Head, Operation of transport systems and 
logistics Department, Don State Technical 
University (Gagarin sq., 1, Rostov-on-Don, 
Russian Federation), Doctor of technical 
Science, Professor. 

korot@novoch.ru 


Ivanov Boris Fedorovich, 

Professor of Operation of transport systems and 
logistics Department, Don State Technical 
University, (Gagarin sq., 1, Rostov-on-Don, 
Russian Federation) Cand.Sci., Professor. 
ivanov @ikc-mysl.ru 


Panfilova Elvira Anatolevna, 

Associate Professor of Operation of transport 
systems and logistics Department, Don State 
Technical University, (Gagarin sq., 1, Rostov- 
on-Don, Russian Federation), candidate of 
Philosophical Sciences. 


korotkaya_elvira@mail.ru 


ru — 






